Introduction
The first dilepton production experiment was performed at the AGS almost 30 years ago [1] . Over the years, hadron-induced dilepton production experiments have led to the discoveries of various vector bosons (J/V, T, and ZO). They also provided important and often unique information on parton distributions in nucleons, nuclei, and mesons. A series of fixed-target dimuon production experiments (E772, E789, E866) have been carried out at Fermilab in the last 10 years. Some highlights from these experiments are presented here. In addition, the prospect for performing several dilepton production experiments at RHIC is discussed.
Scaling Violation in Drell-Yan Process
In the "Naive" Drell-Yan (DY) model, the differential cross section, m3d2~/dxFdm, has an expression showing its scaling property as follows:
a e~ [qa(zl)qa(zz) + Qa(zl)qo(zz) ].
The right-hand side of Eq. (1) is only a function of ZI, X2
and is independent of the beam energies. This scaling property no longer holds when QCD corrections to the DY are taken into account.
While logarithmic scaling violation is well established in Deep-Inelastic Scattering (DIS) experiments, it is not well confirmed in DY experiments at all. As an example, Figure 1 compares the NA3 data [2] at 400 GeV with the E605 [3] and E772 [4] data at 800 GeV. The solid curve in Figure 1 corresponds to NLO calculation for 800 GeV p + d (W = 38.9 GeV) and it describes the NA3/E605/E772 data well. No evidence for scaling violation is seen. As discussed in a recent review [5] , there are mainly two reasons for this. First, unlike the DIS, the DY cross section is a convolution of two structure functions.
Scaling violation implies that the structure functions rise for z~0.1 and drop for z~0.1 as Q2
increases. For proton-induced DY, one often involves a beam quark with xl > 0.1 and a target antiquark with X2 < 0.1. Hence the effects of scaling violation are partially cancelled. Second, unlike the DIS, the DY experiment can only probe relatively large Q2, namely, Q2 >16
GeV2 for a mass cut of 4 GeV. This makes it more difficult to observe the logarithmic variation of the structure functions in DY experiments. Possible indications of scaling violation in DY process have been reported in two pion-induced experiments, E326 [6] at Fermilab and NA1O [7] at CERN. However, the relatively small span in @, together with the complication of nuclear effects, make the NA1O result less than conclusive.
RHIC provides an interesting opportunity for unambiguously establishing scaling violation in the DY process. Figure 1 shows the predictions for p + d at W = 500 GeV. The scaling-violation accounts for a factor of two drop in the DY cross sections when G is increased from 38.9 GeV to 500 GeV. It appears quite feasible to establish scaling violation in DY with future dilepton production experiments at RHIC,
3.
Flavor-Asymmetry and Charge-SymmetryViolation of the Nucleon Sea
The DY process complements DIS as a tool to probe parton distributions in nucleons and nuclei. This is well illustrated in the recent progress in the study of flavorasymmetry in the nucleon sea.
Until recently, it had been assumed that the distributions of c and d quarks in the proton were identical.
While the equality of ii and d is not required by any known symmetry, it is a plausible assumption for sea quarks generated by gluon splitting. As the masses of are shown as circles, squares, and triangles, respectively. The solid curve corresponds to fixed-target p+d collision at 800 GeV, while the dotted curve is for p+d collision at W = 500 GeV.
the up and down quarks are small compared to the confinement scale, nearly equal number of up and down sea quarks should result.
The assumption of ii(z) =~(z) can be tested by measurements of the Gottfried integral [8] , defined as
1

IG = /[ F:(Z, Q2) -F;($, Q2)] /3 dz = o
where F: and F2n are the proton and neutron structure functions measured in DIS experiments.
The second step in Eq. 2 follows from the assumption of charge symmetry. Under the assumption of a symmetric sea, tiP = &, the Gottfried Sum Rule (GSR) [8] ,~G = 1/3, is obtained.
The most accurate test of the GSR was reported by the New Muon Collaboration (NMC) [9] , which measured F; and F; over the region 0.004~x~0.8. They determined the Gottfried integral to be 0.235 + 0.026, significantly below 1/3. This result implies that the integral of d -ii is nonzero. However, the x-dependence of~-ii remained unspecified.
The proton-induced DY process provides an independent means to probe the flavor asymmetry of the nucleon sea [10] . An important advantage of the Drell-Yan process is that the x-dependence of~/ti can be determined. To disentangle the~/ii asymmetry from the possible CSV effect, one could consider W boson production, a generalized DY process, in p + p collision at RHIC. An interesting quantity to be measured is the ratio of the p+p -+ W++ z and p+p + W-+ z cross sections [20] . It can be shown that this ratio is very sensitive to d/ti. An important feature of the W production asymmetry in p + p collision is that it is completely free from the assumption of charge symmetry. Figure 3 shows the predictions for p+ p collision at @ = 500 GeV While the DY process shows almost no nuclear dependence, pronounced nuclear effects are seen for the production of heavy quarkonium states. E772 found that J/V and~' have similar nuclear dependence.
The nuclear dependence for 'Y, T' and T" are less than that observed for the J/Ii? and~'. Within statistics, the various T resonances also have very similar nuclear dependence. Although the integrated DY yields in E772 show little nuclear dependence, it is instructive to examine the DY nuclear dependence on various kinematic variables.
Using the simple A" expression to fit the DY nuclear dependence, the values of a are shown in Figure 5 
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targets is seen at small X2. This is consistent with the shadowing effect observed in DIS. In fact, E772 provides the only experimental evidence for shadowing in hadronic reactions. The reach of small X2 in E772 is limited by the mass cut (M~4 GeV) and by the relatively small center-of-mass energy (recall that ZIZ2 = Lf2/s).
p-A collisions at RHIC clearly offer the exciting opportunity to extend the study of shadowing to much smaller x. Q(xF ) shows an interesting trend, namely, it decre=es as xF incre=es. It is tempting to attribute this behavior to initial-state energy-loss effect. However, there is a strong correlation between XF and X2 (XF = xl -Z2), and it is essential to separate the xF energy-loss effect from the X2 shadowing effect. Figure 6 shows a versus xF for two bins of X2, one in the shadowing region (Z2~0.075) and one outside of it (X2~0.075). There is no discernible xF dependence for a once one stays outside of the shadowing region. Therefore, the apparent suppression at large xF in Figure 5 reflects the shadowing effect at small X2 rather than the energy-loss effect. Figure 7 shows that @) is well described by the simple expression a+bA1i3. It also shows that the pt broadening for J/@ is very similar to T, but significantly larger (by a factor of 5) than the DY. A factor of 9/4 could be attributed to the color factor of the initial gluon in the quarkonium production versus the quark in the DY process. The remaining difference could come from the final-state multiple scattering effect which is absent in the DY process. Baier et al. [30] have recently derived a relationship between the partonic energy-loss due to gluon bremsstrahlung and the mean p: broadening accumulated via multiple parton-nucleon scattering:
-dE/dz = ; cY~A(P;).
This non-intuitive result states that the total energy loss is proportional to square of the path length traversed by the incident partons. From Figure 7 and Eq. 3, we deduce that the mean total energy loss, AE, for the p+W DY process is x 0.6 GeV. Such an energy-loss is too small to cause any discernible effect in the xF (or Z1 ) nuclear dependence.
As shown in Figure 6 , the dashed curve corresponds to AE = 2.0 + 1.7 GeV (for p+ W), and the E772 data are consistent with Eq. 3. A much more sensitive test for Eq. 3 could be done at RHIC, where the energy-loss effect is expected to be much enhanced in A-A collision [31] .
